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(54) Joint construction for a medical guide wire 

(57) A joint construction for a medical guide wire join- 
ing a tubular member (282 or 331) to a helical coil (288) 
has an elongate element extending therethrough. The 
tubular member has an outside diameter no greater than 
the outside diameter of the coil. A wall of the tubular 
member defines a passage extending through the tubu- 
lar member and has an exterior surface. The tubular 
member has an end portion with a helical recess (266 or 
333) formed therein extending through the outer surface 
to form a helical thread. The helical coil has a passage 
extending therethrough and an end portion threaded into 
the helical recess which fixedly secures the coil to the 
tubular member so that the passage In the tubular mem- 
ber and the passage in the coil are in alignment. 
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Description 

The present invention relates to a joint construction 
for a medical guide wire. The guide wire may be for use 
in measuring a characteristic of liquid flow in a vessel, 
and in particular may be a guide wire for blood flow veloc- 
ity measurements In a vessel. 

According to the present invention there is provided 
a joint construction for a medical guide wire joining a 
tubular member to a helical coil having an elongate ele- 
ment extending therethrough, the tubular member hav- 
ing an outside diameter no greater than the outside 
diameter of the coil and having a wall defining a passage 
extending therethrough and having an exterior surface, 
characterized in that the tubular member has an end por- 
tion with a helical recess formed therein extending 
through said outer surface to form a helical thread, said 
helical coil having a passage extending therethrough and 
having an end portion threaded into the helical recess to 
fixedly secure the coil to the tubular member so that the 
passage in the tubular member and the passage in the 
coil are in alignment. 

Embodiments of the present invention will now be 
described by way of example only and with reference to 
the accompanying drawings. 

Figures 1 through 5 and the description associated 
therewith are disclosed in European Patent Applica- 
tion No. 0286359 published on October 12th, 1988 
and have bean deleted from this application since 
. the subject matter thereof is not being claimed; 
Figure 6 is 8 side elevational view of a guide wire; 
Figure 7 is an enlarged cross sectional view of the 
distal extremity of the guide wire shown in Figure 6; 
Figure 8 is a view taken along the lines 8-8 of Figure 
7: 

Figure 9 is a cross-sectional view taken along the 
line 9-9 of Figure 7; 

Figure 10 is a side elevation al view of another 
embodiment of a flexible elongate element in the 
form of a guide wire having a coaxial construction; 
Figure 11 is a cross-sectional view of the distal 
extremity of the guide wire shown in Figure 10; 
Figure 12 is a cross-sectional view of the distal 
extremity of another guide wire which is particularly 
useful when electrical noise problems are encoun- 
tered; 

Figure 13 is a cross-sectional view similar to Figure 
12 Showing another embodiment of a guide wire; 
Figure 14 is a cross-sectional view similar to Figures 
12 and 13 showing another embodiment of a guide 
wire; 

Figure 15 is a side elevational view of another 
embodiment of a guide wire provided with a protec- 
tive covering to protect the same from attacks by 
blood and other saline solutions; 
Figure 1 6 is an enlarged cross-sectional view taken 
along the lines 16-16 of Figure 15: 



Figure 1 7 is an enlarged cross-sectional view taken 
along the lines 17-17 of Figure 15; 
Figure 1 8 is a partial view partially in cross-section 
of an embodiment of a guide wire utilizing screw 
5 joints: 

Figure 1 9 is a cross-sectional view taken along the 
line 19-19 of figure 18. 

Figure 20 is a cross-sectional view taken along the 
line 20-20 of Figure 18; 
10 Figure 21 is a cross-sectional view taken along the 
line 21-21 of Figure 18; 

Figure 22 is a view of a portion of a guide wire which 
is partially in cross-section showing the use of an 
intermediate screw joint; 
is Figure 23 is a cross-sectional view taken along the 
line 23-23 of Figure 22; Figure 24 is an elevational 
view of an intermediate screw joint used in the guide 
wire shown in Figures 22 and 23. 

sc A guide wire 1 01 is shown in Figures 6-9 end is com- 
prised of a flexible elongate element 102 which can be 
in the form of a hypo tube 102 having a suitable outside 
diameter as, tor example, 0.41mm (0.016 inches), and 
having suitable wall thickness as, for example, 0,05 1mm 

25 (0.002 inches). In order to provide additional rigidity and 
torqueabiOty for the guide wire 101. a core wire 103 
formed of a suitable material such as stainless steel is 
provided. The core wire 1 03 can have a suitable diameter 
as, for example 0.20mm (0.008 inches) and extends 

30 through the hypo tube 102. Its distal extremity 104 is 
tapered for a distance of approximately 15 centimeters 
from a diameter of 0.20mm (0.008 inches) to a diameter 
of 0.076mm (0.003 inches). TVia distal extremity 104 
extends beyond the hypo tube 102 and extends into a 

35 coil spring 1 06 which is secured to the hypo tube 1 02 in 
an appropriate manner such as by soldering. The coil 
Spring 106 is formed of two parts, a part 106a which is 
formed of stainless steel and the other part 106b of a 
more opaque material such as a palladium alloy or other 

40 material as described in United States Letters Patent No. 
4,538,622. At the region where the two portions 106a 
and 106b are screwed together, the spring is bonded to 
the core wire 103 by solder or an epoxy 107. A safety 
wire or shaping ribbon 1 08 fe provided. It is formed of a 

45 suitable material such as stainless steel ribbon and has 
a cross-sectional dimension of 0.025mm x 0.076mm 
(0.001 inch® x 0.003 inches). The safety ribbon or shap- 
ing ribbon 1 08 extends from the solder or epoxy joint 1 07 
to the distal extremity 1 09 of the coil spring 1 06. A trans- 

$0 ducer 111 of a suitable type as, for example, a piezoe- 
lectric crystal of the type hereinbefore described is 
carried by the distal extremity 109 of the coH spring 106 
and is secured thereto by suitable means such as a tung- 
sten-oxide loaded epoxy 1 1 2. As can be seen, the shap- 

55 ing wire 1 08 extends into the epoxy 112. Front and rear 
contacts 1 16 and 1 1 7are provided on the transducer 1 1 1 
and are connected to a two conductor wire 1 18 which 
extends rearwardly and interiorly of the spring 106 and 
extends into the hypo tube 102 between the core wire 
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103 and the interior of the hypo tube 102. The wire 1 1 8 
extends out the distal extremity 1 19 of the hypo tube 102 
and is connected to a male connector 121. The distal 
extremity of the hypo tube 1 1 9 can be secured to the core 
wire by suitable means such as an epoxy. The surlace 5 
of the crystal serving as a transducer 1 1 1 can be coated 
with a suitable protective material such as a urethane 
coating 122. As shown, the spring 106 can extend tor a 
predetermined distance, as for example, 1 .5 centimeters 
beyond the tapered distal extremity 104. The portion 
106b of the coil 106 can have a suitable length as, for 
example, 3 centimeters. 

The guide wire 10 1 can have a suitable overall 
length, as for example, 175 centimeters. The crystal 
transducer 111 can have a suitable diameter as, for 
example 0.49mm (0.019 inches). 
By providing a guide wire Of this size, it is possible to 
utilize a guide wire in connection wilh conventional bal- 
loon dilatation catheters to perform angioplasty proce- 
dures. 

The transducer 1 1 1 would have a suitable frequency 
as, for example. 10 MHz and a diameter of 0.5 millime- 
ters to produce a beam divergence of approximately 20 s 
which win produce a far fiekJ uniform beam capable of 
insonifying a 2.5 millimeter vessel at a range gate depth 
of 10 millimeters. Thus again, it can be seen that this 
makes possible instantaneous blood flow velocity meas- 
urements before and after an angioplasty procedure. 

In Figures 10 and 11 another embodiment of the 
flexible elongate transducer carrying device is shown in 
the form of a guide wire 1 31 . The guide wire 131 consists 
of a flexible elongate element 132 which serves as the 
main shaft for the guide wire 131. The element 132 rs 
formed of a suitable material such as a stainless steel 
tubing often called a hypo tube. This tube as hereinafter 
described performs a number of functions. !? serves as 
a torsional member, as a conductor and also as a conduit 
for carrying other conductors internally. The hypo tube 
has a suitable outside diameter as for example 0.42mm 
(0.0165 inches) and a suitable wall thickness, as tor 
example, 0-051 mm (0-002 inches) to provide an inside 
diameter of 0.32mm (0.0i25 inches). The element 132 
can have a suitable length, as for example 150 to 175 
centimeters. 

A core wire 133 is disposed within the flexible elon- 
gate element 132 and is also formed of a suitable mate- 
rial such as stainless steel and provides additional 
stiffness for the main shaft of the guide wire 131. The 
core wire 133 can be solid and has an outside diameter 
ranging from 0.1"? to 0 22mm (0.0085 to 0.0085 inches) 
and has a length which sets so that it extends beyond 
the distal extremity 134. of the flexible elongate element 
132. The forwardmost extremity of the core wire 136 is 
provided with tapered portions 136a and 136b. Portion 
136a has a length of approximately 4 centimeters and 
which tapers down from the exterior dimension of the 
core wire to a dimension of 0.1 3mm (0.005 inches). The 
portion 136b has a length of approximately 1/2 centim- 



eter and tapers down from 0.13mm (0.005 inches) to 
0.051mm (0.002 inches). 

An insulating sleeve 1 41 is formed of a suitable insu- 
lating material such as a polyimide tubing. The polya- 
mide tubing forming the sleeve 141 forms a relatively 
tight fit with the exterior surface of the core wire 1 36 and 
fits within the hypo tube serving as the flexible elongate 
elementl32, Thesleeve 141 serves to insulate the stain- 
less steel core wire 135 from the hypo tube serving as a 
flexible elongate element 132 so that they can serve as 
separate and independent electrical conductors. 

The insulating sleeve 141 is formed of two portions 
141 a and i4ib. The portion 141 a extends to near the 
distal extremity 134 of the flexible elongate element or 
tubing 132. The other portion 141b extends over the for- 
ward extremity of the core wire 1 36 and in particular over 
the tapered portion 1 36a and has Its proximal extremity 
seated within the flexible tubing 1 32 so that rt abuts the 
portion 141a. The portion i4ib can be formed of the 
same material as portion 141a and can have the same 
wall thicknesses and recfial dimensions. 

Flexible coil means 146 is secured to the distal 
extremity 134 of the flexible tubing 132 and consists of a 
coil 147 formed of a suitable material such as stainless 
steel wire with the coil being formed of stainless steel 
wire having a diameter of 0.051 to 0.076mm (0.002 - 
0.003 inches) and a coil 1 46 which is formed of a material 
which is more radiopaque than stainless steel, as for 
example, a palladium alloy also formed of wire having a 
diameter of 0 051 to 0.p?6mm (0.002 - 0,003 inches). 

A cylindrical crystal 151 which serves as a Doppler 
transducer is mounted on the distal extremity of the coil 
1 4d. Means is provided for establishing electrical contact 
with the crystal 1 51 and consists of an insulated conduc- 
tor 152 which is connected to the front or rfstal face of 
the crystal 151 and extends reanwardly within the interi- 
ors of the coils 146 and 147 where it is connected to the 
distal extremity 134 of the flexible tubing 132. This con- 
ductor 152 is provided because it has been found that 
the resistance provided by the stainless steel coil 147 
and the paladium alloy coil 148 is greater than desired. 
Conductor means is also provided tor establishing elec- 
trical contact with the rear side of the crystal 151 and 
consists of a conductive braid 153 which is formed of 
three stands 156. 1 57 and 1 58 of an insulated beryllium 
copper wire, the wire itself having a diameter of 0.025mm 
(0-001 inches). Braiding of the wire is used rather than 
twisting of the wire because this gives a greater flexibility 
to the wires while retaining a very high tensile strength. 
For example, the beryfDum copper wire has a lensa© 
strength approximately twice that of pure copper wire. 
The conductive braid 153 is secured to the rear side of 
the crystal 151 by a conductive adhesive joint 161 of a 
conventional type. As shown In Figure 11, the braid 
extends around the distal extremity of the core wire 136 
and is secured to the core wire 136 intermediate the ends 
of the tapered portion 136a by a conductive adhesive 
joint 162. 
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An additional adhesive joint 163 is provided between 
the proximal extremity of the coil 147 and the distal 
extremity of the flexible tubing 134 and the insulating 
sleeve 141. Another adhesive joint 164 is provided 
between the proximal extremity of the sleeve portion 
141a and tfiedistaJ extremity of the sleeve portion 141b 
and the exterior surface of the core wire 136. Similarly, 
an adhesive joint 166 is provided between the proximal 
extremity 133 of the flexible elongate member 132 and 
the proximal extremity of the insulating layer 1 41 a. Sim- 
ilarly, an adhesive joint 1 67 is provided between the prox- 
imal extremity of the sleeve portion 1 4 1 a and the exterior 
surface of the core wire 136. The adhesive joints 163, 
1 64, 1 66 and 1 67 can be formed of any suitable conven- 
tional non-conductive adhesive. These adhesive joints 
ensure that torsional force applied to the outer flexible 
Stainless Steel tubing 132 is transferred to the insulating 
sleeve 1 41 and to the core wire 136 so that torsional 
forces appli ed to the guide wire are transferred to the dis- 
tal extremity of the guide wire, 

A flexible conductor cable 171 is connected to the 
proximal extremity of the guide wire and carries conduc- 
tors 172 and 173 within insulating material 174. Conduc- 
tor 1 72 is secured to the proximal extremity of the flextole 
tubing 132 whereas conductor 173 is secured to the 
proximal extremity of the core wire 136. The cable 171 
is terminated in a connector 1 76. 

A lens 181 is mounted on the front surface of the 
crystal 1 51 . The lens can be formed of a suitable material 
such as thermosetting No. PC12 epoxy supplied by Dex- 
ter Hysol. 10501 East Don Juiien Road, City Of Industry, 
CA 91 746. The lens is mofded or machined to be approx- 
imately hemispherical In shape, and is secured to the 
crystal 151 by a conventional adhesive which provides 
excellent acoustical properties. Alternatively, the lens 
can be formed via surface tension so that it takes a nat- 
ural hemispherical shape. This is due to the natural 
forces exerted on the droplet of adhesive which forms 
the lens. The force exerted causes the viscous material 
to assume a hemispherical shape, exactly In the way that 
a droplet of water beads upon a newly waxed automo- 
tule. Formation in this manner provides an excellent exte- 
rior high quality lens surface finish which facilitates the 
formation of a beam pattern without substantial scatter- 
ing of ultrasonic energy. This hemispherical lens creates 
a very uniform diverging beam which extends over 
approximately 90* thereby providing a uniform insonifi- 
caiton across the vessel being examined. 

The connector 1 76 can be connected to a f tow meter 
of the type hereinbefore described to provide an indica- 
tion of flow being measured by the Doppler crystal 151 . 

With a guide wire of the type shown in Figures 10 
and 1 1 , rt is possible for the physician performing a cor- 
onary angioplasty procedure to insert the guide wire in 
place of the guide wire utilized in the angioplasty and dil- 
atation catheter to make a blood flow velocity measure- 
ment prior to the dilatation of the occlusion and 
immediately after the dilatation of the occlusion to ascer- 
tain the improvement in blood flow velocity. The 



guidewire-type construction for the flow measurement 
device facilitates making of pre and post stenosis flow 
measurements. 

It is also possible to utilize the present guide wire to 

e introduce the angioplasty dilatation catheter even though 
this is not a recommended procedure. This can be 
accomplished by loading of the guide wire into the angi- 
oplasty dilatation catheter and then introducing the guide 
wire followed by the dilatation catheter into the vessel of 

io the patient. 

It has been found thai the guide wire shown in Fig- 
ures 1 0 and 1 1 has excellent mechanical properties. The 
concentricity or coaxial construction provided in the 
guide wire gives a high degree of torqueabiirty and steer- 

is ability to the device- The construction of the tip of the 
guide wire makes it very floppy so that it can be readily 
steered into small vessels in the cardiovascular system. 
The conductive braid in addition to serving as a conduc- 
tor provides a safety wire to prevent the tip of the guide 

20 wire from becoming separated from the ma in shaft of the 
guide wire. The beryllium copper conductive braid has 
high tensile strength while still giving high flexibility to the 
tip of the guide wire. It also gives good conductivity with 
a high resilience. 

25 Still another embodiment of a guide wire is shown 
in Figure 12 which is particularly useful in the event sig- 
nificant electrical noise problems ere encountered which 
require shielding of the conductors utilized in the guide 
wire 

so. The guide wire 191 shown in Figure 12 is con- 
structed in a manner quite similar to that shown in Fig- 
ures 10 and 11. Thus H is provided with stainless steel 
tubing 132, a core wire 136 and coil means 146. ft is also 
provided with a Doppler crystal 151 and a lens 181. In 
35 order to achieve a shielding to isolate the conductors 
connected to the crystal 151 from electrical noise, a third 
electrical conductor 192 is provided which is in the form 
of a flat wire helically wound around the core wire 136, 
This third electrical conductor 192 can be an insulated 
<o wire which is wrapped around the core wire 1 36 or alter- 
natively it can be embedded in an insulating materiel 1 93 
as shown in Figure 12 so that if is insulated from the core 
wire 136 and also insulated from the flexible tubing 132. 
A conductor 1 52 is connected to the helical wrapped con- 
45 duster 192. The conductor 152 can be connected to the 
front side of the crystal 151 as described in connection 
with the embodiment shown in Figures 10 and 11 
whereas the rear side of the crystal 151 is connected by 
the conductive braid 1 53 to the core wire 1 36 In the man- 
so ner hereinbefore described. With this being the case, the 
outer stainless steel tubing 1 32 can serve as a grounded 
shield for shielding the conductors 1 92 and the core wire 
1 36 from external electrical signals and thereby prevent 
distortion of the signal received from the crystal 1 51 from 
55 extraneous sources. Thus it would only be necessary 
that the cable 171 be provided with three conductors 
rather lhan two conductors shown in Figures 10 and 1 1 . 

It can be seen that the guide wire shown in Figure 
12 can be utilized in the same manner as described in 
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the previous embodiments. Although it typically is not uti* 
lized for introducing a dilatation catheter into the coro- 
nary vessel once the dilatation catheter is in place and 
the guide wire serving as the flow velocity probe is in 
place, it may be used to advanced the dilatation catheter 
from one stenosis to the next. It is for that reason that the 
torsional capabilities of the guide wire are important 
because it facilitates using it as a steeraUe guide wire 
and to advance the dilatation catheter from one stenosis 
to the next. It is also important that the guide wire have 
a relatively flexible tip so that it will not cause trauma in 
the vessel in which it is advanced. 

Still another embodiment of the guide wire is shown 
in Figure 13 in which the flexible tubing 132 or the core 
wire 136 are not utilized as conductors. In this embodi- 
ment the guide wire 194 includes an additional conductor 
198 which is connected to the rear side of the Doppler 
crystal 1 51 . This wire 1 9S with the wire 1 52 which is con- 
nected to the front side of the crystal 151 are connected 
to a flat conductive cable comprising multiple wires in the 
form of two wires 2S6 and 297 which are connected 
respectively to the conductors 152 and 196. This rela- 
tively flat multi-conductor cable 196 is wrapped in a hel- 
ical fashion around the core wire 136 and is connected 
to the cable 171. The adhesive joints 163 and 166 are 
utilized to establish torsional transmitting capabilities 
between the tubing 132 and the conductor cable 196 as 
welt as to the core wire 1 36. In this embodiment, the braid 
1 53 is made of stainless steel wire and merely serves as 
a safety wire and does not serve as a conductor. Thus 
in this embedment it can be seen that the stainless steel 
tubing 132 can also serve as a shield to keep out extra- 
neous electrical signals from the conductors 197 and 
198 to ensure that a noise free signal is received from 
the Doppler crystall 51. 

Another embodiment of the guide wire is shown in 
Figure 14. The guide wire 201 shown in Figure 14 
includes a flexible elongate member 202 in the form of 
stainless steel hypodermic tubing. The member or tubing 
202 is provided with a distal extremity 203. The tubing 
202 has a cylindrical passage 204 extending there- 
through and has a core wire 206 disposed therein. The 
core wire 206 has a diameter slightly less than the inte- 
rior diameter of the passage 204 and does not extend 
through the length of the tubing 202. As shown particu- 
larly in Figure 14. the core wire 206 terminates shortly 
after the distal extremity of the tubing 202 and is secured 
therein by suitable means such as a soWer joint 207. The 
core wire 206 is provided with a shaft portion 206a which 
has a substantially continuous diameter ranging from 
0.15 to 2.29mm (0.006 to 0.009 inches) and preferably 
approximately 0.20mm (0.008 inches). The shaft portion 
206a has a length of approximately 27 centimeters. The 
core wire is also provided with a tapered portion 206b 
which is tapered from 020mm (0.003 inches) to 0.13mm 
(0 005 inches) and has a length of approximately 2 cen- 
timeters. The core wire is provided with an additional 
tapered portion 206c which is tapered from 0.13mm 
(0.005 inches) to 0.051mm (0.002 inches) and has a 



length ranging from 1 to 2 centimeters. The core wire 206 
is also provided with a cylindrical end portion 206d which 
has a diameter of 0.051 mm (0.002 inches) and has a 
suitable length such as 5 millimeters. 

s Coil means 208 of the type hereinbefore described 
is provided which is secured to the distal extremity of the 
f lexfole elongate member farmed by the tubing 20$. The 
coil means consists of a length of stainless steel coil 209 
and a length of palladium alloy coil 21 1 with the stainless 

10 steel coil 209 being secured to the core wire 206 and to 
the distal extremity of the tubing 202 by a solder joint 207. 
A Doppler crystal 212 is secured to the distaf extremity 
of the palladium alloy coil 21 1 by a solder joint 21 3. Two 
conductors 2i 6 and 2 1 7 are secured to the front and rear 

is sides of the Doppler crystal 212 and extend through the 
passage 204 and beyond the proximal extremity of the 
tubing 202 by extending through the coil means 208 and 
between the interior of the tubing 202 and the outside 
diameter of the core wire 206. A flexible braid 221 tepro- 

2Q vided which is embedded in the solder joint 213 and 
extends proximally from the distal extremity of the coil 
means 208 and over the distal extremity of the core wire 
206 to the region where the coils 209 and 21 1 abut end 
into a solder joint 222 which bonds the abutting regions 

25 of the coils 209 and 211 and the proximal extremity of 
the braid 221 . The flexible braid 221 differs from the braid 
hereinbefore described in that it nesd not be a good con- 
ductor. Thus, stainless steel can be utilised for such a 
braid. A lens 226 is mounted on the Doppler crystal 212 

30 and serves the same purpose as the lens 1 81 hereinbe- 
fore described. 

In this embodiment of the guide wire, the conductors 
216 and 217providethe connections to the crystal mak- 
ing it unnecessary for either the tubing 202 or the core 

35 wire 206 to serve as conductors. 

Trie guide wire shown in Figure 14 has a number of 
advantages, it has greater flexibility at its distal extremity, 
while providing the desired degree of stiffness in the area 
adjacent to the distal extremity and permitting the guide 

40 wire to follow tortuosities in the vessels. It has good tor- 
sion capabilities facilitating its steering in the vessels. 
Also the construction shown makes possible the use of 
a larger core wire and conductor wires which do not need 
to be flattened. 

45 It has been found that the torsional and flexure prop- 
erties of the described guide wires are virtually equal 10 
that of existing guide wires utilized in angioplasty at the 
present time. In addition, however, the described guide 
wires provide the desired electrical properties for supply- 

50 ing signals to and from the Doppler crystal. In addition, 
the acoustical properties that are provided by the lenses 
81 , and 226 provides in the guide wire a combination of 
torsion, flexure, electrical and acoustical properties 
which provide a flow probe that performs admirably 

55 under many applications and in particular, cardiovascu- 
lar applications invoking angioplasty. The described 
guide wires have the floppiness or flexure capabilities of 
conventional guWe wires while still providing means for 
carrying the electrical signals to and from the Doppler 
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crystal. The coaxial design utilized in the guide wires 
shown in Figures 10-14 provides excellent torsional 
capabilities. In addition, the construction makes it possi- 
ble to maximize the size of the stainless steel core wire. 
The guide wire construction also makes it possible to s 
provide maximum electrical noise rejection while still 
retaining the desired flexure and torsional capabilities for 
the guide wire. 

Still another embodiment of a guide wire is shown 
in Figures 15, 16 and 17. The guide wire 231 shown in 
Figure 15 consists of a flexible elongate member 232 in 
the form of stainless steel hypodermic tubing having a 
suitable outside diameter, as for example 0 .46mm (0 .01 6 
inches) and having a wall thickness ranging from 0.058 
to 0. 076rnm (0-0023 to 0,003 inches) and preferably a 
wall thickness of 0 066mm (0-0026 inches). The member 
or hypodermic tubing 232 can have a suitable length 
such as 100 to 150 centimeters. The tubing 232 is pro- 
vided with a centrally disposed passage 233 extending 
therethrough. It is also provided with a distal extremity 
234 and a proximal extremity 236. A core wire 238 of 
suitable material such as stainless steel is provided and 
has a proximal extremity 239 which is disposed within 
the distal extremity 234 of the hypodermic tubing 232. 
The core wire can have the same diameter and length 
as the core wire 206 provided in the embodiment shown 
in Figure 14. It is provided with a tapered distal extremity 
241 in Ihe same manner as with the guide wire 206, 

Coil means 246 of the type hereinbefore described 
is secured to the distal extremity 234 of the hypodermic 
tubing 232 and consists of a length of a stainless si eel 
coll 247 and a length of a palladium alloy coil 24fi. 

A Doppler transducer or crystal 251 is secured to 
the distal extremity of the palladium alloy coil 246 by suit- 
able means such as an adhesive joint 252. A pair of elec- 
trical leads 253 and 254 are provided in which the lead 
253 is connected to the front surface of the crystal 251 
and the lead 254 is connected to the rear surface of the 
crystal 251. The leads 253 and 254 can be formed of a 
suitable material such as 45 gauge copper wire which is 
provided with a covering of high temperature insulation 
of a conventional type which can withstand the temper- 
afcure of melted solder Thus, as shown each of the leads 
is provided with a conductor 256 which is circular in 
cross-section with an Insulating covering 257 surround- 
ing the same. 

As can be seen, particularly from Figures 16 and 1 7, 
the leads 253 and 254 extend rearwardly from the crystal 
251 interiorally of the rail means 24$. A flexible braid 261 
of Gtainiess steel of the type hereinbefore described is 
provided within the coil 248 and extends rearwardly from 
the adhesive joint 252 and over the distal extremity 241 
of the core wire 238. The flexible braid has its proximal 
extremity bonded to the distal extremity of the core wire 
238 and to the coil means 246 by a solder joint 262. The 
solder joint 262, in addition, bonds together the abutting 
ends of the coils 247 and 248- An additional solder joint 
264 is provided for banding the proximal extremity of the 
stainless steel coil 247 to the distal extremity 234 of the 



hypodermic tubing 232 and also to form a bond with the 
proximal extremity of the core wire 238. A hemispherical 
lens 266 formed in the manner hereinbefore described 
is provided on the front surface of the Doppler crystal 
251. 

In connection with the embodiment of the guide wire 
shown in Figures 1 5, 16 and 17, special precautions are 
taken to ensure that the guide wire is not susceptible to 
attack from the fluid in which it is disposed, as for exam- 
ple, in blood or other saline solution. To this end. during 
the manufacture of the guide wire 231 and at the time 
that the electrical leads 253 and 254 are secured to the 
front and back sides of the crystal 251 , a protective cover 
in the form of a conformal coating 268 is applied to the 
crystal, Such a conformal coating is typically deposited 
in a vacuum onto the crystal and i6 relatively thin, as for 
example. 0.0025mm (0,001 inches). Such a conformal 
coating can be provided on the Doppler crystal or trans- 
ducer 251 and the leads attached thereto to a distance 
extending approximately at least two millimeters from the 
crystal. One material found to be satisfactory for such a 
protective conformal coating is Paryiene, a polymeric 
coating, manufactured by Union Carbide. 

The leads 253 and 254 are inserted through the pal- 
lad ium alloy coil 248 and the flexible braid is inserted into 
the palladium alloy coil 248. A protective tube 271 formed 
of a suitable material such as a polyhnide is inserted into 
the stain I ess steel coil 247. The protective tube can have 
a suitable diameter such as 0.25mm (0.0100 inches) ID 
with an Op of 0.29mm (0.01 15 inches). The core wire 
238 is then inserted into the coils 247 and 248. Thedistal 
extremities of the palladium alloy coal 248 and of the flex- 
ible braid 261 are secured to the Doppler crystal 251 by 
an adhesive joint 2S2 formed by an ultraviolet cured 
adhesive. Thereafter, the solder joints 262 and 264 can 
be applied. The insulation on the electrical leads 253 and 
254 can withstand the temperature of the melted solder. 
Thereafter, the entire distal extremity of the guide wire 
23 1 , after it has been assembled . is coated with a second 
conformal coating 272 of Paryiene to provide additional 
protection against attack by blood and other saline solu- 
tions. Paryiene has been found to be a very suitable 
material for use inguide wires of the present construction 
because it permits elongations of over 200% without 
affecting the integrity of the coating. By utilizing such a 
conformal coating, it is possible to retain the desired 
characteristics of the guide wire without deleteriously 
affecting the desired characteristics to any significant 
extent. Thus with a Paryiene conformal coating, the 
3)ringiness of the tip can be retained. A Teflon coating 
274 is provided on the exterior surface of the hypodermic 
tubing to reduce the friction between the guide wire 231 
and the catheter into which it is introduced. 

The guide wire 23 1 shown in Figure 15 is provided 
with a micro-miniature connector 276 of the type which 
is described in US Patent No. 4961433. The details of 
this micro-miniature connector 276 therefore will not be 
described in this application. However, in general it con- 
sists of a first conductor 277 formed of a crimped core 
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wire and a second conductor formed by a conductive 
sleeve 273. One of the electrical leads 253 and 254 is 
connected to the first conductor 277 and the other of the 
electrical leads 253 and 254 is connected to the second 
conductor 278. As can be seen, the micro-miniature con- 5 
nector 276 is mounted in the proximal extremity 236 of 
the hypodermic tubing 232. 

The guide wire construction hereinbefore described 
fn Figures 15, 16 and 17 has numerous advantages. The 
hypodermictubing232servesasaflexibleshaft. Inaddl- 10 
tion, it provides a conduit for the electrical leads 253 and 
254. It also provides a high degree of torque transmis- 
sion while remaining as flexible as a solid stainless steel 
wire so that the guide wire 231 can be readily positioned 
in angioplasty procedures. The flexible braid 261 pre- is 
vents longitudional extension of the tip of the guide wire 
or, in other words, elongation of the palladium alloy coil 
2£S to prevent separation of the Doppler crystal or trans- 
ducer from the guide wire. The flexible braid 261 formed 
of stainless steel maximizes tensile strength, while still so 
permitting a high degree of flexibility in the tip of the guide 
wire. The use of a tapered core wire provides a smooth 
transftion from the highly flexible tip of the guide wire to 
the less flexible hypodermic tube shaft. The two solder 
joints 262 and 264, in addition, to performing their 25 
mechanical connecting functions also increase the 
torque transmission of the guide wire. The use of the pal- 
ladium alloy provides high radiopacity for the tip of the 
guide wire. Coating of the stainless steel hypodermic 
tubing 232 with the Teflon friction-reducing coating so 
reduces the friction between the guide wire and the cath- 
eter in which if is used. 

The spherical lens 266 which is formed by a surface 
tension provides a lens of natural shape which gives a 
wide dispersion of the ultrasound beam as. for example, 35 
an angle of 90° to obtain excellent coverage within the 
vessel in which the guide wire is disposed. 

The micro-miniaiure connector 276 makes it possi- 
ble to utilize the guide wire as a standard guide wire in 
exchanging catheters in a PCTA procedure. As herein- ao 
before explained, in order to protect the electrical leads 
253 and 254 from the affects of blood or other sub- 
stances which the guide wire may encounter a plurality 
of protective coatings is provided. The sheath or tube 
271 formed of polyimide covers the electrical leads 45 
between the two solder joints 262 and 264 and thus pro- 
tects the leads from coming in contact with Wood which 
could seriously degrade the conductive qualities of the 
leads. The polymide sheath also provides mechanical 
insulation in that it presents the electrical leads from so 
chafing against and short circuiting to the stainless steel 
coil. In addition, the polyimide sheath 27i provides a 
slight amount of a desired stiffness to the guide wire in 
this region of the guide wire. Also, as pointed out previ- 
ously, the Doppler transducer or crystal with the electrical 5s 
leads attached thereto is coated with a conformal coating 
of Parylene which provides a durable barrier to protect 
the transducer and the connecting electrical leads from 
Wood. In addition another conformal coating (not shown) 



of Parylene is provided after completion of assembly of 
the guide wire by coating the entire distal extremity 
approximately the last 30 centimeters. This sheath 271 
and the Parylene coating protect the entire assembly 
from attack by Wood and preserves the integrity of both 
the electrical and mechanical characteristics of the g uide 
wire for indefinite periods of time and certainly for periods 
of time more than adequate to perform any conventional 
procedure, as for example, an angioplasty procedure in 
which such a guide wire is used. 

From the foregoing it can be seen that a guide wire 
construction has been provided in which the portions of 
the electrical leads which could come in contact with 
blood, as for example, the portions of the leads extending 
through the coils are protected by the polyimide tube or 
sheath and the conformal coatings. 

Another embodiment of the guide wire utilizing 
screw joints is shown in Figures 18 through 21 and is of 
a type which incorporates screw joints. The guide wire 
281 shown in Figure 18 consists of a flexible elongate 
member 262 in the form of stainless steel hypodermic 
tubing of the same dimensions described in conjunction 
with the guide wires shown in Figure 15. The elongate 
member 282 is provided with a passage 263 extending 
therethrough. The elongate member 262 is provided with 
a distal extremity 284. A helical slot 266 is cut into the 
exterior surface of the distal extremity 264 and extends 
through the wall off the hypodermic tubing 282 to form 
threads. The helical slots 286 can be formed in a suitable 
manner such as by machining. Such a density would pro- 
vide threads with a helix angle of 9.50' and a pitch of 
0£35mm (0.00926 inches). Such helical slots can be 
formed by utilizing a diamond d5cing saw with a very thin 
blade having a thickness ranging from 0 .038 to 0.025mm 
(0.0015 to 0.0010 inches) and by utilizing a helical drive 
mechanism to feed the distal extremity 284 into the dia- 
mond dicing saw. 

Typically, the hypodermic tubing forming the elon- 
gate member 282 has an outside diameter ranging from 
0.43 to 0.45mm (0.017 to 0.0178 inches) and is coated 
with a suitable lubricant such as Teflon to facilitate move- 
ment of the guide wire 281 in a vessel of a patient The 
inside diameter of the hypodermic tubing can vary from 
0 36 to 0.38mm (0.01 4 to 0 .01 5 inches) to provide a wall 
thickness ranging from 0. 038mm (0.0015 inches) to 
0.064mm (0.0025 inches). The helical slot or groove 286 
has a width which can rang© from 0-064 to 0.11mm 
(0. 0025 to 0.0045 inches) . The threads formed by stoi or 
groove 286 have a density which can range from 2.95 to 
6 per mm (75 to 150 per inch) and preferably about 4,3 
per mm (108 per inch) for tubing having a diameter of 
0.46mm (0 01 8 inches) or less. 
An insulating and protective tube 287 formed of a suita- 
ble material such as polyimide is disposed in the pas- 
sage 263 of the hypodermic tubing 282 and extends 
beyond the distal extremity 284 of the hypodermic tubing. 
A coil 286 formed Of a suitable material such as stain) qbs 
steel is threaded into the helical slots or grooves 286 and 
extends over the portion of the insulating tube 287 
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extending beyond the distal extremity 264 of the elongate 
member 282. This connection serves to form a screw 
joint 289 rather than the solder joint hereinbefore 
described. To provide high x-ray visibility, a pailadi urn coil 
291 is threaded into the stainless steel coil 288 as shown 
rn Figure 1 3 and sold er 29 2 is appli ed to provide a sold er 
screw joint 293 between the stainless steel coil 288 and 
the palladium coil 291 . 

A screw tip 296 is provided and can be formed of a 
suitable material such as stainless steel and have the 
same dimensions as the hypodermic tubing forming the 
elongate member 282. THeiipcan have a suitable length 
such as 1 -27 to 1 .52mm (0 050 to 0-060 inches) . A helicaJ 
thread or recess 297 is formed in the exterior surface of 
the tip 296 and receives the distal extremity of the palla- 
dium coil 291 . The helical recess 297 is formed in a man- 
ner similar to the helical slots 266. However, rather than 
being cut all the way through as with the helical slots 286. 
the helical recess 297 extends only through a portion of 
the wall forming the tip 296. Thus, with the wall thickness 
Of 0.10 to 0.13mm (0.004 to 0.005 inches) the recess or 
thread can have a depth ranging from 0.064 to 0 097mm 
(0 0O25 to 0.0038 inches) and can be squared or have 
a full radius. 

When the tip 258 is threaded into the distal extremity 
of the coil 291 , the tip itself is aligned with respect to the 
coil 291 . The tip 296 is provided with a cylindrical recess 
30 1 at its distal extremity which opens in a forward direct 
tion. The recess 301 can have a depth ranging from 0,38 
to 0.51 mm (0.01 5 to 0.020 inches) and can have a diam- 
eter ranging from 0.39 to 0.42mm (0.0155 to 0.0166 
inches). A Doppler transducer 302 and a lens 303 are 
disposed within the recess 301 and are adhered therein 
by suitable means such as an adhesive 304 disposed 
between the side wvaJI of the recess 30 1 and the trans- 
ducer 302 so that the rear of the transducer is free or in 
air, 

A core wire 306 formed of a suitable material such 
as stainless steel extends through the insulating and pro- 
tective tube 287 and is provided with a tapered distal 
extremity 307 which adjoins a shaping ribbon 308 having 
a rectangular configuration and which is secured to the 
screw tip 296 by suitable means such as solder 309. The 
screw tip 296 in addition to being threaded into the coil 
291 also has the coil soldered to the tip. Conductive leads 
31 1 and 312 are provided which extend within the insu- 
lating and protective tube 286 and Over the Core wire 306. 
They are connected to the from and bacK sides Of the 
transducer 302 as shown particularly in Figure 18. 

The entire coil assembly or means comprised of the 
coifs 289 and 291 and the screw joint 293 and the screw 
tip 296 is Parylene coated in the manner hereinbefore 
described for the previous embodiments. 

Operation and use of the guide wire 281 is the same 
as hereinbefore described with the previous embodi- 
ments. The advantage of the present embodiment is that 
the transducer 302 and the lens 303 are incorporated in 
an assembly which is very difficult to separate from the 
remainder of the guide wire. This is accomplished by 



placing the transducer 302 and the lens in the cup- 
Shaped recess 301 provided at the tip of the guide wire. 
Tip separation is also prevented by the use of the sol- 
dered screw tip 296 configuration which is utilized for 
5 securing the tip 296 to the coil 291 , An excellent mechan- 
ical joint is provided for securing the tip 296 to the coil 
291 . The recessing of the transducer 302 which is in the 
form of a Doppler crystal holds the same in place so there 
is no chance of the transducer 302 and the lens 303 
io being separated from the tip 296. 

The screw joints provided in the guide wire 261 in 
addition to providing better mechanical connections also 
provides the advantage of providing strain relief transi- 
tions from the relatively stiff hypo tube forming the elon- 
75 gate member 282 to the flexible coil 288 used at the lip 
and also a similar transition between the coil 291 and the 
tip 296. Therefore the construction of the present embod- 
iment provides very strong joints which have excellent 
tensile and bending load characteristics. 

It should be appreciated that the cup-shaped recess 
301 which is provided can be utilized tor accommodating 
various types of transducers other than the Doppler crys- 
tal hereinbefore described. For example, it can fc*s utilized 
for housing various types of sensors as, tor example, a 
pressure transducer. 

The same principles which have been utilised in the 
distal eternity of the guide wire 281 can also be utilised 
In the prwimal extremity in which helical stote 316 are 
provided in the proximal extremity of the hypodermic tub- 
ing forming the flexible elongate member 282. A coi( 
spring 317 formed of a suitable material such as stain- 
less steel is threaded into the slots 316 as shown in Fig- 
ure 16. The insulating sleeve 287 extends beyond the 
coil spring 31 7. A connector 321 is mounted in the Spring 
$1 7 and extends into the proximal extremity of the hypo- 
dermic tubing 282 and is secured therein by suitable 
means such as an adhesive. The connector 321 is 
formed of a suitable conducting material such as stain- 
less steef. It serves the same purpose as the connector 
276 shown in Figure 15. In Figure 18. the proximal 
extremity of the connector 321 is not crimped. It can be 
provided with a crimp rf desired of the type shown in Fig- 
ure 15. If not desired, a non -crimped cylindrical connec- 
tor 321 can be provided as shown in Figure 16. 

In order to accommodate the conducting wires 311 
and 312, the portion of the connector 321 disposed 
within the proximal extremity of the hypodermic tubing 
282 is provided with flats 322 and 323 as shown i n Figure 
21. 

The construction shown for the proximal extremity 
of the guide wire 282 has the same advantages as the 
construction provided on the distal extremity of the guide 
wire. A good mechanical connection is provided between 
the hypodermic tubing 282 and the coil spring 317 and 
the connector 321, The coil spring also provides a strain 
relief transition from the hypodermic tubing 282 to the 
connector 321 . 

One of the principal advantages of mounting the 
transducer 302 within the cup-shaped recess 301 is that 
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the adhesive 304 i$ provided on the circumference of the 
transducer 302 but is not provided to the rear ol the trans- 
ducer so that the rear or back side of the transducer 302 
is exposed to air and can readily flex. This enhances the 
Doppler capabilities of the crystal or transducer. 5 

It should be appreciated that with these screw type 
joints provided in the guide wire 281, the springs are 
threaded into the helices of the guide wire to provide an 
integrated construction. However, it should be appreci- 
ated that a non-integral construction could be provided 10 
by bonding the coil to the hypodermic tubing without 
threading the cdl into the helices. It is believed that this 
is not as desirable because not as good a mechanical 
connection is provided. However, such a construction 
would provide a gradual transition in stiffness from the is 
hypoderic tubing to the coil spring. 

Another embodiment of a screw joint connection 
which can be utilized in the guide wire 281 is shown in 
Figures 22-24. As shown therein, rather than two coils 
288 and 291 being threaded together as disclosed in Fig- 20 
ure 1 6, they are interconnected by an intermediate screw 
joint 331. The intermediate screw joint 331 is formed of 
a length of hypodermic tubing 332 of the same type uti- 
lized for the elongate member 282 and is provided with 
helical recesses 333 and 334 at opposite ends which are 25 
formed in the same manner as the helical recesses 297 
in the tip 296- As shown in Figure 22. the screw joint 33 1 
is utilized for interconnecting the two coils 288 and 291 
by threading the coil 286 into the helical recesses 333 
and threading the coil 29i into the helical recesses 334. 30 
The conductors 3 11 a nd 3 1 2 and the shaping ribbon 308 
extend through the screw joint 331 in the manner shown. 
From this construction, it can be seen that a strong 
mechanical connection with good alignment has been 
provided between the two coils 288 and 291 . The entire 35 
assembly which is shown in Figure 22 can be Parylene 
coated in the manner hereinbefore described. 

H is apparent from the foregoing that there has been 
provided a guide wire for measuring blood flow velocity 
in a vessel. This can be accomplished by the use of a 40 
single transducer positioned intravascular^ to produce 
a beam of uniform insonif ication which encompasses the 
entirety of the blood vessel. 

It should be appreciated that although the present 
invention has been described particularly tor use in the 45 
measuring of Wood flow velocity in a vessel, the present 
invention also can be utilized for measuring other liquids 
in other types of conduits if desired. 
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end portion with a helical recess (285 or 333) formed 
therein extending through said outer surface to form 
a helical thread, said helical coil having a passage 
extending therethrough and having an end portion 
threaded into the helical recess to Ibcedly secure the 
coil to the tubular member $0 that the passage in the 
tubular member and the passage in the coil are in 
alignment 

2. A construction as in claim 1 further characterized in 
that the tubular member (331) has another end por- 
tion (334) with a helical recess therein extending 
through ihe outer surface of the wall to form another 
helical thread, another helical coil (291) having a 
passage extending therethrough and having an end 
portion threaded into said another helical thread of 
said another end portion of the tubular member to 
fixedly secure said another coil to said tubular mem- 
ber so that the passage in said another helical coil 
is in alignment with tha passage in the tubular mem- 
ber. 

3. A construction as in claim 1 further characterized in 
that the threads have a density ranging from 2.95 to 
6 threads per mm (75 to 150 threads per inch). 

4. A construction as in claim 1 further characterized in 
that the threads have a density of approximately 4.3 
threads per mm (1 08 threads per inch). 

5. A construction as in claim 1 further characterised in 
that approximately 2.5 to 5 0 threads are provided. 

6. A constt ucaion as in claim 1 further characterized in 
that the threads only extend partially through the wall 
of the member. 

7. A construction as in claim 1 further characterized in 
that the threads are rectangular In cross-section. 

8. A construction as in claim 1 further characterized in 
that the coil has an outer surface and wherein the 
outer surface of the tubular member and of the coil 
are of the same size and with the helical recess 
being of a depth so tfiat the outer surface of the coil 
spring is flush with the outer surface of the tubular 
member. 

9. A construction as in claim 1 further characterized in 
that said coil is in the form of a flexible spring. 



1 . A joint construction for a medical guide wire joining 
a tubular member (282 or 331) to a helical coil (288) 
having an elongate element extending therethrough, 
the tubular member having an outside diameter no ss 
greater than the outside diameter of the coil and hav- 
ing a wall defining a passage extending there- 
through and having an exterior surface, 
characterized in that the tubular member havs an 



10. A construction as in claim 1 further characterized in 
that said coil and said another coil are in the form of 
flexible springs. 
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(54) Joint construction for a medical guide wire 

(57) A joint construction for a medical guide wire join- 
ing a tubular member (282 or 331) to a helical coil (288) 
has an elongate element extending therethrough. The 
tubular member has an outside diameter no greater than 
the outside diameter of the coil. A wall of the tubular 
member defines a passage extending through the tubu- 
lar member and has an exterior surface. The tubular 
member has an end portion with a helical recess (286 or 
333) formed therein extending through the outer surface 
to form a helical thread. The helical coil has a passage 
extending therethrough and an end portion threaded into 
the helical recess which fixedly secures the coil to the 
tubular member so that the passage in the tubular mem- 
ber and the passage in the coil are in alignment 
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